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are more prevalent in the winter than in the summer 
would indicate that the temperaturn is .Pitally important 
in their existence. In this lugher level we find southwest 

dominating, although the range i from south to west. 
$his is especially true 111 the summer, as in the winter the 
winds are more variable. Velocities are higher and, 
although the inarease is not p a t  in. summer, there is a 
tendency toward stronger winds, parbcularly in the cooler 
months of the year. 
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1916-17 _ _ _ _ _ _ _ _ _ _ _ _ _ _  22,986 

1919-20 _ _ _ _ _ _ _ _ _ _ _ _ _ _  20,429 
1917-18 _ _ _ _ _ _ _ _ _ _ _ _ _ _  18,670 
1918-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _  22, 162 

Wlnter 
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I ~~ 

1926-27 _ _ _ _ _ _ _ _ _ _ _ _ _ _  25,963 

1929-30 _ _ _ _ _ _ _ _ _ _ _ _ _ _  30, 163 
1927-28 _ _ _ _ _ _ _ _ _ _ _ _ _ _  28,463 
1928-29 _ _ _ _ _ _ _ _ _ _ _ _ _ _  30, 564 
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The conditions found a t  2,000 meters extend upward 
through the other two levels, with an ever improving 
advantage to the eastbound flier. During the summer 
the sector south to west prevails, while during winter, the 
directions are from west to north. 

Briefly, then, the fact that Phoenix has a greater num- 
ber of easterly surface winds does not indicate that the 
upper currents differ from those over the country in 
general. On the contrary, we find that the movement is 
from the western portion of the compass. However, the 

upper winds cover a wider range of directiom thsn are 
found to exist in many W&OM of the Unit& Stah. 
This may be due to the looation of Ehoenix at o point 
considerably south of ths usual pafhs of the cyclones and 
anticyclones. 

Upper-air investigation has revealed ereveral interm% 
features of the atmosphere in tbis region. Surface ‘UjPdB 
are usually light, and, particularly on hot afternom, tihis 
“stagnation” often extends to considerable altitude. 
Balloons have been followed to 4,000 meters and 6,000 
meters with elevation angles remaining above 60’. 
Graphs of such runs show every point of the compaee. 

Estimating ceiling or cloud hight.-Most obsemera 
learn to associate cloud formations with altitudes, so when 
one is known, the other can be more readily estimated. 
Such individuals face a problem in this locality until the 
acquisition of sufficient data warrants definite estimates. 
Of the 1,150 balloon runs made to date, cloud altitudes 
have been ascertained in exactly 100 instances, but these, 
with 3 exceptions have been confined to 3 cloud types. 
Straito-cumulus lead in frequency, ranging in attitude 
above the surface from 1,100 to 4,200 meters, with an 
average of 2,250 metem. The two remainin types share 

in altitude. Altoncumulus range from 2,400 to 6,400 
meters with an average of 3,700 meters, as compared 
with an average of 5,400 meters for dto-stratus, which 
showed a range from 4,000 to 8,000 metem. Comparison 
with the cloud altitude &arts in common use indicates 
that clouds in southern Arimna average somewhat higheT 
than in other portions of the country. 

Everything considered, flying conditions are very 
favorable in t h  section. An average of ody  41 d m d ~  
days, 39 of which with a measureable amount of precipi- 
tation, per year; no ice-forming weather; no snow; very 
little fog; and very few high winds, 43 miles per hour 
being a 35-year maximum, are some of the out&anding 
reasons why this has been designated “the fair weather 
route.” Add to this the favorable upper winds as out- 
lined above, and thia locality’s desirability as a flying 
center can be readily appreciated. 

equally as to frequency but show considera % le variation 

DIMINISHING WINTER RADIATION FROM SUN AND SKY AT MADISON, WIS. 
By ERIC R. MILLER 

[Weather Bureau, Madison, Wis.] 

A continuing decrease of the insolation registered at  
Madison with the Callendar bolometric sunshine recorder 
was pointed out by Mr. A. F. Piippo (1) and the question 
whether it was due to city smoke or to deterioration of 
the apparatus was considered by Dr. H. H. Kirnball in a 
note to the same paper. The present paper adds further 
data and applies statistical methods to their interpreta- 
tion. 

Smokiness in Madison is mostly due to heating, since 
the city is administrative educational, and residential 
rather than industrial. $he few industrial plants are 
located 3 or 4 miles east of the Weathe: Bureau station, 
and the prevailing winds are northwest in winter, south- 
west in summer. The university heating plant with 
chimney 250 feet hi h is 1,000 feet south-southwest of the 

pounds) in years ending June 30, was: 
station. I ts  annua K consumption of cod (in tons of 2,000 

1920-21 _ _ _ _ _ _ _ _ _ _ _ _ _ _  19, 183 1930-31______________ 29, 446 
1921-22 _ _ _ _ _ _ _ _ _ _ _ _ _ _  19, 997 I 

The smoke from this chimney always drifts off in a 
compact stream before diffusing. The proportion of 
black smoke has been greatly decreased in recent years 
by imprqvements in the furnaces to bring about qoomplete 
combustion. It is not possible to present similar dtabstics 
of the use of coal for domestic heating. A notion of the 
change is afforded by the census reports of the population 
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December-March Calories June-September Calorlea 

1911-12 - -_ -_-____-  28.473 1911 - - - - - - -_-____ 68,025 
1912-€3 _ _ _ _ _ _ _ _ _ _ _  % . a 7  1912 _ _ _ _ _ _ _ _ _ _ _ _ _  65,896 
1913-14 _ _ _ _ _ _ _ _ _ _ _  !24,189 1913 _ _ _ _ _ _ _ _ _ _ _ _ _  67,674 
1914-UI _ _ _ _ _ _ _ _ _ _ _  26,233 1914 _ _ _ _ _ _ _ _ _ _ _ _ _  67.808 
191616 _ _ _ _ _ _ _ _ _ _ _  %.XI0 1916 _ _ _ _ _ _ _ _ _ _ _ _ _  m, 191 
1010-17 _ _ _ _ _ _ _ _ _ _ _  18,763 1916 _ _ _ _ _ _ _ _ _ _ _ _ _  68.641 
1917-18 _ _ _ _ _ _ _ _ _ _ _  28,763 1917 _ _ _ _ _ _ _ _ _ _ _ _ _  66,167 
lQE-19 _ _ _ _ _ _ _ _ _ _ _  23,240 1918 _ _ _ _ _ _ _ _ _ _ _ _ _  66,825 
19X3-B _ _ _ _ _ _ _ _ _ _ _  R 4 W  1919 _ _ _ _ _ _ _ _ _ _ _ _ _  66,050 

l S l 4  _ _ _ _ _ _ _ _ _ _ _  I,W l W l _ _ _ _ _ _ _ _ _ _ _ _ _  67,BQ 
1E12-a3 _ _ _ _ _ _ _ _ _ _ _  1 , 4 3 7  llB2 _ _ _ _ _ _ _ _ _ _ _ _ _  65.847 
19ZS24-i _ _ _ _ _ _ _ _ _  22,948 1923 _ _ _ _ _ _ _ _ _ _ _ _ _  63.638 
1824-26 _ _ _ _ _ _ _ _ _ _ _  28,814 lggl_____________ 61,662 
1 9 2 6 B  _ _ _ _ _ _ _ _ _ _ _  23.002 19% _ _ _ _ _ _ _ _ _ _ _ _ _  66,376 
lcisb27 _ _ _ _ _ _ _ _ _ _ _  23,028 1926 _ _ _ _ _ _ _ _ _ _ _ _ _  62,642 
1W-28 _ _ _ _ _ _ _ _ _ _ _  %,BaB lO’Zl__-_-_-______ 64683 
1-28 _ _ _ _ _ _ _ _ _ _ _  I 3 1 9  1928 _ _ _ _ _ _ _ _ _ _ _ _ _  64,688 
1- _ _ _ _ _ _ _ _ _ _ _  23:saO 1c20 _ _ _ _ _ _ _ _ _ _ _ _ _  66,ooB 
lKUl-31___________ 21,626 1930 _ _ _ _ _ _ _ _ _ _ _ _ _  67,767 

Mean _.________ we68 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  65,889 

i e s a i  _ _ _ _ _ _ _ _ _ _ _  a1.m im _ _ _ _ _ _ _ _ _ _ _ - _  58,649 

of the tenth ward, which includes the western part of the 
city beyond the university : 

1920_-_-_-_----------------_-_-_ 3,664 
1910---____,---______----___----_ 1,092 

1930----__----__-___------_----- 9,590 
When the sunshine record was begun, anthracite was 

largely used for house heating. Since then there bas 
been a shift to bituminous and to oil. 

Winter being the season of smoke emission, the data 
from the Cdlendar sunshine recorder have been separated 
88 follows: 

Calories pm square centimeter of horizontal surface 

Year Calories 

1911 -___--___-_-_ 125,287 
1912 _ _ _ _ _ _ _ _ _ _ _ _ _  122,865 
1U13 _ _ _ _ _ _ _ _ _ _ _ _ _  122,818 
1914 _ _ _ _ _ _ _ _ _ _ _ _ _  123.777 
1916 _ _ _ _ _ _ _ _ _ _ _ _ _  114,087 
1918. _ _ _ _ _ _ _ _ _ _ _ _  126.072 
1917 _ _ _ _ _ _ _ _ _ _ _ _ _  lB.092 
1918 _ _ _ _ _ _ _ _ _ _ _ _ _  la0,WBa 
1919 _ _ _ _ _ _ _ _ _ _ _ _ _  116,867 

1921 _ _ _ _ _ _ _ _ _ _ _ _ _  116,286 
19% _ _ _ _ _ _ _ _ _ _ _ _  118,434 
18a) _ _ _ _ _ _ _ _ _ _ _ _ _  118,197 
1924 L _ _ _ _ _ _ _ _ _ _ _ _  112,606 
1936 _ _ _ _ _ _ _ _ _ _ _ _ _  119,234 
1W0 _ _ _ _ _ _ _ _ _ _ _ _ _  116,486 
1’227 _ _ _ _ _ _ _ _ _ _ _ _ _  112,662 
1928 _ _ _ _ _ _ _ _ _ _ _ _ _  119.016 
lea0 _ _ _ _ _ _ _ _ _ _ _ _ _  117,161 
1930 _ _ _ _ _ _ _ _ _ _ _ _ _  120.136 

_____-_____-______  119,207 

lea0 _ _ _ _ _ _ _ _ _ _ _ _ _  121,018 

The secular trend of each of these series has been found 
by fitting regression lines, using the method described 
by Persons (2), pages 158-160. These equations, in 
which the coefficient is the rate of change in calories per 
year, are: 

Of the a w e 1  deue€iae, 62 pw cant occurs in the 4 months December-March. 

The method of testing the significance of regression 
coefficients due to “Student” (3), pages 115-124, has 
been applied to these data with the following results: 

where P. is the probability that a random sample will 
have a value of t falling outaide the value found here. 
The regrewion ooefiicient for the summer months is 
evidently not signscant, while that for the winter is 
highly signilkan t. 

Suoh a change could be brought about by an increase of 
cloudinesa. Eye observations of the cloudiness during 
daylight hours have been made at  Madison (bihourly 
shoe September, 1918>, and the secular trend of cloudi- 
nesa i shown by the following: 

The observed trend of cloudiness is just the opposite 
of what is required to explain the decrease in the observed 
radiation. 

However, it  must be remembered that smoke, haze, and 
fog are excluded in making the estimate of cloudinesa, 
hence an increase in smokiness should produce a decrease 
in the recorded cloudiness to the estent that clouds are 
obscured by smoke. 

The hours of bright sunshine, registered by the ther- 
mometric sunshine recorder in the same 20 years, show 
the secular trend indicated by the following equations: 

The percentage cha e of these data for December- 
March, agrees remarka ly closely with the cha e in 
calories. The coefficient of correlation between ca ories 
and hours of sunshine for December-March is 0.75, which 
is less than would be expected from the similarity of 
secular trends. 

Deterioration of the Callendar apparatus is believed by 
Doctor IGmball (1) page 504, to be indicated by the com- 
parisons that have been made between the Callendar 
apparatus and the Marvin pyrheliometer. Since the Cal- 
lendar apparatus re ’aters the vertical component of sun 
and sky radiation, wfile the Marvin instrument is exposed 
normally to the sun’s rays, the comparisons are made by 
shading the Callendar receiver, and reducing the drop in 
ordinate, trigonometrically. In  series of observations 
made in 1913-1915 and in 1917 the shading of the Cal- 
lendar instrument was simultaneous with the observa- 
tions with the Marvin pyrheliometer, with the result that 
the tracg of the recorder had to be interpolated. In  1927, 
the relatively smooth base line representing sky radiation 
only, was obtained by shading the Callendar apparatus 
before and after the pyrheliometer readings. Ths change 
of technique introduces some uncertainty into the com- 
parisons. The results obtained vary with the altitude of 
the sun, so that there is either a variation of sensitiveness 
of one or other of the two instruments, or the trigonometric 
relations are not as assumed. 

Results of comparisons to the end of March, 1927, 
were given by Doctor Kimball in the paper referred to. 
Some 37 additional comparisons were made in 1927. 
The following tables include all of the comparisons: 

Number of comparative observations in each group 

7 Yl 
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A m a ~ e  factor (f.) to reduce Callendar to Marvin 

Standard deviation of ths okervations o f f ,  

Standard error of tho mecan f .  in each group 

I I 

The best value of the change of f. in each column, i. e. 
the one obtained from the means having the smallest 
standard error at both beginnine and end of the interval, 
is indicated by italicizin . It d be observed that these 

the m e w  on which they are based, whereas the differ- 
ences should be three times as large as the standard 
errors to indicate progressive change, with certainty. 
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DIBCUSBION 

It is a source of gratificttion that further oompslieone 
between the Marvin and the Callendar p belictmeter in 
in the Callendar instrument, which ea rb r  compsrisona 
seemed to indicate. On account of the small number of 
these comparisons in the different periods compared, this 
point can not be considered definitely eettled, however. 
It is therefore hoped that additional comparisons may be 
obtained from time to time. 

I may add that similar comparisons that are obtained 
during nearly every month a t  Lincoln, Nebr., have not 
shown an appreciable change in the reduction factor for 
the Callendar pyrheliometer in use at  that station, except 
on one occasion, when the bridge wire was injured rrpd 
had to to be replaced. 

Mr. Miller’s paper shows quite conclusively that the 
progressive diminution in the annual totals of radiatbu 
received at  Madison is attributable to the increased 
smokiness of that part of the city in which the university 
and the Weather Bureau are located, due to the change 
from anthracite to bituminous coal for heating dwellinga, 
and an increase in the number of dwellings m the mi- 
versity section of the city. The same thing is true a t  the 
American University, District of Columbia, where, alao, 
the de letion is conhed to the winter months.-H. H. 

use a t  Madison cast doubt upon a possib f e datarioratton 

K i d & .  

THE FUTURE OF AGRICULTURAL METEOROLOGY 
By W. A. MATTICE 

[Weather Bnreau, Washlngton, August, 19811 

In these days of overproduction of agricultural prod- 
ucb, with a corwaponding depreseion of pricea, the 
thoughts of the Nation turn to the plight of the farmer. 
There are many experiment stations, experimental farms, 
and various governmental agenciee th& are continually 
advising the fanner what crop to grow and what crops 
not to grow, but has the  weather received full considera- 
tion in them opinions? The ever-present alchemist that 
transmutes base materials into tha gold of the ripe 
wheat, corn, etc., has been scarcely amr&d the meaaure 
of respect due the vas$ power wielded. The weather in 
its effect on culture has been scrutinized from afar, 

been accomplished in pursuing &e microscopic detail 
necessary for complete understanding of the underlying 
principles involved in crop growth. The experimenter 
111 physics, for example, does not attack his roblems 
with the pick and shovel of the day laborer, ut  with 
intricate machinery, delicate lenses, B C C U F ~ ~ J  micrometers, 
etc. The comparison 1s perfectly analogous, for the 
present-day researches m egncultural meteorology are 
conducted on a grand scale, a State unit, district unit, 
or even a country-wide unit. The wealth of detail ob- 
tabable on such scales are meager, it is indeed, comparable 
to the pick and shovel of the day laborer. We might as 
well supply the archeologist with dynamite alone and 
expect hun to return with the delicate murals, friezes, 

88 through a T ong-range tdeecope, but very little has 

urns, etc., that are obtained only through insnite patience 
and careful brushing and screening of minute fragments. 

Statistical studies of crop production aa related to 
weather conditions have been and are still being made, 
with variable results. It is the present experience of 
investigators that, a series of correlations reac a 

can be expected with available crop aid weather data. 
However, a coefficient of 0.90 leaves much to be desired, 
for even with one this high there still remains 43 per 
cent of the spread between the actual and corn uted 

the equations. How can this gap be bridged; snd ie the 
inadequacy of the data the stumbling block? 

The Weather Bureau includes in ita meteorological 
statistics for h t -order  stations, in addition fo tempera- 
ture and rainfall, the h o w  of 13uri~hine, direofion of the 
wind, state of the weather, barometric p m m ,  vapor 
pressure, relative humidity, etc. Perhaps theee, or at 
least some of them, have important relatioms to orops, 
but what material benefit are they when measured on the 
top of an ofice building sometimes four or five, or even 
more, miles from the nearest crops? A ain, these ht- 

nearer than 50 miles from emh other and the r&ow 
States rarely have over six or seven of them. What 
variations in the weather occur between them? 

coefficient of 0.90, or a little better, is about as gob 6”df as 

figures to be accounted for outside the data inch a ed in 

order stations are widely separated- ti ey me seldolaa 


